 (T Clin Pathol 1994;47:990-994) 
The polymerase chain reaction (PCR), which permits specific and rapid amplification of nucleic acid sequences from a variety of tissues, has also been used to detect HIV DNA in brain tissue of patients with AIDS and of HIV positive subjects. '-6 In previous studies carried out in this department Sinclair 7 Moreover, as embedding formalin fixed material in paraffin wax is the most widely used method in histopathology, application of PCR to this tissue would enable large retrospective studies to be undertaken and permit comparison of material without risk of contamination. To be acceptable, however, this technique must not only yield reproducible results but its rate of success must be comparable with that using fresh tissue.
The purpose of this study was, therefore, to adapt the PCR technique used to detect HIV proviral DNA in frozen tissue to paraffin wax embedded specimens and to compare the results obtained using each technique.
Methods
Twenty brains of patients with AIDS, from which both fresh frozen and paraffin wax embedded specimens were available, were chosen from the files of the Department of Neuropathology, Institute of Neurology, London. The frontal poles of brain obtained at post mortem examination were removed and frozen whilst the rest of the brain was fixed in 10% buffered formalin for a variable length of time (table) . Fifteen blocks were taken from each case and routinely processed for histology. For the purpose of this study, paraffin wax embedded tissue from sites adjacent to the frozen sample was used.
IMMUNOHISTOCHEMISTRY
The primary antibody HIV p24 (Du Pont Diagnostics, Stevenage, UK), which detects the HIV core protein p24, was used to screen paraffin wax embedded sections of anterior frontal lobes from all cases in this study. Briefly, paraffin wax embedded sections were dewaxed and endogenous peroxidase was blocked with 0-03% hydrogen peroxide in methanol. Incubation for one hour with primary antibody (HIV p24) was followed by incubation with biotinylated rabbit anti-mouse (30-60 minutes) and peroxidase conjugated avidin (30 minutes). 3,3'-Diaminobenzidine was used as a substrate to reveal the peroxidase.
DNA was extracted as previously described by Pang et al8 and Sinclair and Scaravilli. 2 Briefly, blocks of semi-frozen frontal lobes were stripped of leptomeninges and diced into small pieces. Tissue was digested overnight with proteinase K (final concentration 0-25 mg/ml in 10 mM TRIS-HCG, pH 7*4, 1 mM EDTA, and 0-5% sodium dodecyl sulphate (SDS)) at 560C. DNA was subsequently purified using standard methods.9
Paraffin wax embedded sections (10 ,im) were cut and placed in a 1-5 ml Eppendorf 
SOUTHERN BLOT HYBRIDISATION
To detect the 142 base pair PCR product, modified Saluz and Jost'0 "filling in" methods were applied as described before.2 Oligonucleotides were provided by the MRC, ADP, and NIBSC. Their sequences are: gag (30-mer), 5-CAT CAA TGA GGA AGC TGC AGA ATG GGA TAG; (10-mer), 5'-TCC CAT TCT G. Briefly, an annealing mix containing 10 ,ul of the 30-mer, 10 pul of the 10-mer, and 2-5 ,ul of the ologonucleotide labelling buffer was prepared and incubated at 75°C for two minutes, at room temperature for 20 minutes and on ice for 10 minutes. This was followed by incorporation of digoxigenin-1 1-dUTP and precipitation of the probe by ethanol.
Nylon membranes (Boehringer Mannheim, UK) were prehybridised for more than one hour at 42°C in hybridisation buffer (5 x saline-sodium citrate (SSC), 50% formamide, 0-1% N-lauroylsarcosine, 0-02% SDS, and 2% blocking reagent) and then hybridised overnight at 42°C with 200 ng/ml labelled probe. They were then washed in 0¢2 x SSC and 01% SDS at room temperature for one hour with four changes.
Colorimetric detection using nitroblue tetrasodium and X-phosphate was performed according to the Boehringer Mannheim protocol."I Briefly, after incubation with antidigoxigenin-alkaline phosphatase at room temperature for 30 minutes and a postincubation wash, the filter was incubated in substrate to permit colour development.
Results Figure 1 illustrates the results of PCR amplification with the oligonucleotide probe for the HIV gag gene in a variety of samples of the PCR reference kit. The result of this test shows that 10 molecules of HIV-1 DNA gave a clear signal after Southern blot hybridisation. There were no false positive results following either PCR amplification or Southern blot hybridisation.
The neuropathological changes observed in the brain tissue of the 20 patients with AIDS included in this study are summarised in the table. HIV encephalitis was present in seven cases; other neuropathological findings included cytomegalovirus encephalitis (three cases), progressive multifocal leucoencephalopathy (one case), cryptococcosis (two cases), lymphoma (one case), tuberculosis (one case), and non-specific changes (four cases); three cases did not show any abnormalities. Nine cases, including all those with neurological evidence of HIV encephalitis, were HIV p24 positive.
Specimens were regarded as positive or negative whenever PCR results were consistently positive or negative (PCR amplifications were repeated three times). Samples that were positive in only one or two of three tests (cases 12 and 17-20 in the table) were defined as indeterminate,2 and underwent another five tests, on the basis of which they were reclassified as positive (four cases) or negative (one case).
Sixteen cases were positive on analysis of frozen specimens. These included all those with immunohistochemical evidence of HIV. Of these, 15 were also positive when paraffin wax embedded material was analysed. Southern blot hybridisation confirmed the positive results. None of the cases positive on analysis of paraffin wax embedded samples gave negative results when frozen tissue was examined. Figure 2 shows the results of PCR amplification in three cases using both frozen and paraffin wax embedded samples. Case 1 (lanes A and B) was positive in both; case 2 (lanes C and D) gave a positive result with frozen material only; and case three (lanes E and F) is an example of the four cases with negative results on analysis of both frozen and paraffin wax embedded material.
Discussion
In this study we have shown that HIV proviral DNA can be detected by PCR in brain tissue 
of patients with AIDS using formalin fixed, paraffin wax embedded tissue. The HIV primers used were chosen so as to amplify a specific sequence of the HIV gag region. As in a previous study,2 gag primers produced more reliable results than pol or env primers, and highly conserved areas have been identified in the HIV-1 genome in long terminal repeat sequences and in the gag gene.8 Moreover, as the region spanning the gag sequence is thought to be the last to be synthesised during reverse transcription, positive results using the gag region reflect completely or almost completely synthesised viral DNA.8
In a previous investigation using PCR2 specimens were classified as positive, negative, or indeterminate depending on whether most of the tests were positive; all tests were negative; or one or two only were positive, respectively. In the present study each indeterminate case underwent five additional tests and samples were defined as positive when at least three of the latter gave positive results.
Of the 20 cases in this study, 16 were positive on analysis of frozen samples; of the latter, 15 were also positive when paraffin wax embedded material was studied. On the other hand, none of those which were negative on analysis of frozen samples gave positive results on analysis of paraffin wax embedded sections. Positive cases on analysis of both frozen and paraffin wax embedded material included the seven with morphological and immunohistochemical evidence of HIV encephalitis. A possible explanation for the single negative result (fig 2) could be the presence of an inhibitor of Taq polymerase.'2 13 Although the human f,-globin gene was successfully amplified in this case, the degree of inhibition may not have been uniform for the different sets of primers. 14 Several investigators have drawn attention to the effects of various fixatives and fixation times on PCR results. '5-'7 
